Purpose We investigated if patient-reported outcomes (PROMs) one year after total hip replacement (THR) can predict the risk of re-operation using data from the Swedish Hip Arthroplasty Register. Methods A total of 75,899 patients with THR due to osteoarthritis operated in 2002-2014 were included. We used Kaplan-Meier and Cox regression to investigate the relationship between one-year post-operative PROMs and risk of re-operation (all types of further hip surgery). The predictive power of the model and post-operative PROMs were evaluated by concordance index (C). Results Kaplan-Meier estimates for not being re-operated at eight years was 95.5% (95%CI; 95.3-95.8). Cox regression analyses showed that all PROMs, except for EQ-VAS, were associated with re-operation. The full model had a concordance index of 0.68. Satisfaction (C = 0.65) and pain (C = 0.65) in isolation had the highest predictive power. Conclusions Worse PROMs predicted higher risk of re-operation. Therefore, we believe PROMs may be helpful in identifying patients at risk for re-operation and timely address their problems.
Introduction
Total hip replacement (THR) is a well-established, cost effective method for patients with hip osteoarthritis when nonsurgical treatment is ineffective. Survivorship of some prosthetics has been reported above 95% at 10 years [1, 2] . The Swedish Hip Arthroplasty register (SHAR) collects information from all of the primary THR procedures on demographic, surgical, and patient-reported outcome measures data, preand post-operatively [3] .
An important minority operated with THRs will, unfortunately, experience complications, and some will need reoperation due to early or late complications. The most common reasons for re-operations are: infection, fracture, loosening or dislocation [3] . Such an event might be terrible for the individual patient, often resulting in impaired function and disability [4] [5] [6] . But these events are also very costly to society with increased medical costs, sick leave, etc. It has also been reported that results following revision surgery are less likely to be as good as the first operation [7] .
Complications being uncommon after THR, few patients are in need of re-operation following a standard THR. Hence, the need for follow-ups after THR for all patients is being questioned [8, 9] . As a consequence, many healthcare providers have abandoned routine follow-ups after standard THRs.
There are several reports presenting risk factors for revision following THR, including patient-related factors [10] [11] [12] [13] , and implant and surgical procedure-related factors [12, 13] , as well as PROMs-related factors such as the Harris Hip [14] and Oxford Hip scores [15, 16] . To our knowledge there are no reports using time-dependent area under the curve values (AUC-values)/concordance indices (C). Similarly, combinations of several PROMs, to investigate their association with the prediction of the risk of a late re-operation following THR have not been used previously.
The aim of this study was to examine if patient-reported outcome measures (PROMs) reported at one-year after THR can predict the risk of future re-operation.
Method
In 1979, SHAR was started with the purpose to collect prospective observational data on all THRs performed in Sweden. The aim of the register was not only to gather data but also to compare results between clinics and longitudinally monitor the outcomes of the procedures with a focus on implants used, surgical techniques, and complications. The register covers both publicly and privately funded hospitals, and today the completeness of registrations has been reported at 98.3% [3] . In 2002, SHAR launched a nationwide PROMs program for elective THR patients with the purpose of complementing the traditional outcome variables with patient-reported outcomes for pain, function, and healthrelated quality of life [17, 18] . In 2008, all orthopaedic clinics in Sweden performing THRs joined the PROMs program. The PROMs program invites all patients scheduled for elective THR in Sweden to participate. Patients are asked to complete a short questionnaire pre-operatively, and a follow-up survey is mailed to patients at one, six, and ten years post-operatively. The response frequency has been reported at roughly 90%, both pre-operatively and at the one-year follow-up [3, 18] .
Outcome measures
The outcome in this study is re-operation later than one year after the index surgical procedure. This includes for all reasons and all types of surgical procedures. The outcome (reoperation) was measured from one year following the index surgery until the occurrence of re-operation, death, or December 31st 2015, whichever came first. The predictors for re-operation are PROMs collected from the PROMs program in SHAR [19] . The PROMs program in SHAR includes the EQ-5D health status questionnaire [20] , a hip pain visual analogue scale (VAS) [21] , and at follow-ups, satisfaction with the outcome using a VAS. The EQ-5D questionnaire is internationally one of the most widely used generic health status measures [22] . The EQ-5D descriptive system includes five dimensions of health: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. In addition, the EQ-5D contains a VAS addressing general health (EQ VAS) where 0 represents the worst and 100 represents the best possible health state. The hip pain VAS addresses the patient's hip pain from a scale of 0 to 100, where 0 represents no pain and 100 the worst possible pain. At the follow-ups, satisfaction VAS addresses satisfaction with the outcome following THR. The scale ranges from 0 to 100, where 0 represents very satisfied and 100 very dissatisfied. Included in the PROMs program are a patient-reported Charnley classification used to determine patient-reported musculoskeletal comorbidity. Similar to the original Charnley classification this patient-reported comorbidity question is classified as: class A corresponding to a unilateral hip disorder, class B being a bilateral hip disorder, and class C corresponding to a walking impairment due to multiple joint involvement or other medical comorbidities.
To identify patients at the follow-ups the register uses the unique personal identity number (PIN) given to all inhabitants in Sweden.
Patient selection
We obtained data from the Swedish Hip Arthroplasty Register on patients operated with THR between 2002 and 2014. We excluded all primary procedures to the second hip in patients with bilateral THRs. We have also excluded all patients without lateral or posterior approaches, resurfacing prostheses, patients diseased or re-operated within one year, and patients with a non-osteoarthritis diagnosis (Fig. 1) .
Statistical calculations
We investigated the demographics, surgical techniques, and post-operative PROMs between the two groups. We used Kaplan-Meier curves to summarize re-operation probabilities. Data was summarized as frequencies for categorical data, and means and standard deviations (SD) for continuous data. Comparisons of the re-operated and non-re-operated groups were conducted with the chi-square test for categorical, and the t-test for continuous, variables. We used a Cox regression analysis adjusted for post-operative PROMs, age and sex to investigate the association between post-operative PROMs, Charnley class, and age and sex with re-operation up to eight years following THR, after this there were too few reoperations to perform accurate analyses. The predictive power of PROMs one year post-operatively was evaluated by the concordance index (C) [23] . This value ranges from 0.5 to 1, with values closer to 1 being a better score. A value of 0.5 means that PROMs cannot predict the risk of re-operation, while a value of 1 indicates that re-operation could be completely predicted by the model.
Ethical considerations
Ethical approval was obtained from the Regional Ethical Review Board in Gothenburg, Sweden, registration number 268-17.
Results
Between 2002 and 2014 there were 141,300 patients operated with a THR. A total of 75,899 were included according to the selection criteria. 1,405 patients had a revision performed during this time period. The mean time until re-operation was 1,589 days (SD 887 days). At the ten-year follow-up the prosthesis survival rate was 95.5% (95.3-95.8) (Fig. 2) . Except for the type of prosthesis, there were significant differences between the non-and re-operated groups (Table 1) (Fig.  2) . Satisfaction-VAS (C = 0.650) and pain VAS (C = 0.649) had the highest predictive powers: the EQ-5D (C = 0.607) and EQ VAS (C = 0.602) had a lower predictive capacity (Table 2) . Figure 3 shows an example of the probability of being reoperated for three different levels of PROMs (good, average and poor) following THR. The predictive power was relatively constant up to eight years post-surgery (Fig. 2) . The observed re-operations and the predicted re-operation using the model above differed only marginally.
Discussion

Summary of findings
By using data from SHAR between 2002 and 2014 we have shown an association between one-year post-operative PROMs and the risk of future re-operation in patients operated with THR. There were significant differences in demographics, surgical data and post-operative PROMs between the group of patients that received a re-operation or not. The model we constructed in order to predict a risk of future re- operation using post-operative PROMs had a moderate power to predict the risk of future re-operation: and there were small differences between the predicted and observed reoperation frequencies. For PROMs, satisfaction-and pain VAS had the highest power, and EQ-VAS the lowest power to predict the risk of future re-operation. Since our aim was to predict re-operation with as high accuracy as possible, we chose to keep EQ-VAS in the model favouring prediction over explanation [24] .
Relation to other research
Earlier reports have shown that the strongest correlation with the risk of revision following THR is patient-related factors such as age and sex. In a systematic review by Prokopetz et al. [13] including 65 articles investigated with revision following THR for any reason as outcome, age (40%) and sex (28%) were the most common variables associated with predicting risk of future revision. This is also supported by later reports Categorical data presented as n (%) and continuous data as mean (standard deviation) for sex [11, 13] and age [10] [11] [12] [13] . In our study we also present an association with a higher risk of re-operation for younger patients and males, but these factors are weaker than postoperative PROMs to predict the risk of a late re-operation. There are few other reports investigating the association of post-operative PROMs and the risk of future re-operation. Our study is consistent with those that have shown an association with post-operative PROMs and re-operation. Sing et al. have
shown that low Harris Hip scores at two-and five years are associated with a higher risk of revision at each time point [14] . Rothwell et al. have used data from the New Zealand Joint Registry and investigated the association between early revision and Oxford Hip scores (OHS) in 17,690 THRs. They found that for every one unit decrease in OHS at six months the risk for revision within two years increased by 9.7%. They also reported that 70% of the revisions would be captured if the patients that scored in the lowest 28% of the OHS had had extra follow-ups [15] . Devane et al. expanded the investigation by Rothwell et al. and suggested that patients who score poor OHS at six months and five years needed further followup in order to capture those in need of a revision in a timely manner [16] . In comparison to these studies we have a substantially larger number of patients in our calculation: and we also take several PROMs into consideration when performing our analysis. We have also selected our patients in order to reduce confounding biases and provide a homogenous group to investigate. The previously described studies presenting patient-related factors [10] [11] [12] [13] and PROMs [14] [15] [16] to predict the risk of future revision following THR used OR (odds ratio) and HR (hazard ration) to predict the risk of revision. But these methods have been declared unsuitable for such conclusions since they lack predictive strength [25] . Together with a Cox regression we have used the concordance index, which gives a substantially higher power to the predictive power of our analyses.
Strengths and limitations
We obtained all our data from SHAR, a well-established and validated quality register. The completeness of the register and the large number of responders to PROMs both pre-and postoperative reduces confounding bias. The large number of included patients following the selection process also contributes to reducing confounding bias and heterogeneity. This gives robustness and power to our calculation and model for predicting the risk of a late re-operation using post-operative PROMs.
There are limitations to this study. Factors other than PROMs have been previously reported [10] [11] [12] [13] as contributing to the risk of re-operation, such as high BMI and long surgery time. We have not taken all of these confounders into consideration in our model, which is a limitation that needs to be given attention when interpreting results. Therefore, before we could develop an algorithm for the detection of patients with a risk of re-operation to be used on a regular basis, such factors and others such as implant type need to be included into the model. This could be possible, but further investigations are needed. The models presented in this study only included the one-year PROMs. One could argue that the outcomes are dependent of pre-operative levels of PROM. Fig. 3 Probability of being re-operated. Cox regression survival estimates for the average patient (average baseline characteristics and 1 year PROMs), a patient with good PROs (no hip VAS pain, full satisfaction, EQ mobility = 1 EQ pain/discomfort = 1) and a patient with poor PROs (hip VAS pain = 50, satisfaction VAS = 50, EQ mobility = 2, EQ pain/discomfort = 2) However, when we included pre-operative PROMs into the model the predictive power did not change (data not shown).
Conclusion
This study demonstrates that PROMs collected at one year after THR can predict future re-operations. PROMs one year following THR are stronger predictors for re-operation then age and sex. The model can estimate individualized reoperation probabilities at different time points that could be used to develop a warning system to indicate patients at high risk. Including other baseline information in the model may increase the predictive power. However, there is a delicate trade-off between model complexity and predictive power in the continued work of developing a clinical application.
